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Abstract 
Proposed paper deals with rehabilitation robotic devices. First part, introduction, introduces an aplication of robotics in 
rehabilitation process. Second part deals with robot - assisted rehabilitation of the upper limb where is also described an 
architecture of robotic rehabilitation and its main functions. In the third section there is described a design of robotic arm with 
artificial muscles for rehabilitation of the upper limb. Fourth part is about wearable sensors used by authors in rehabilitation. 
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1. Introduction 
Robotics is now becoming one of the essential elements of restructuring and comprehensive automation in 
production and non-production sphere. Current trends of development contribute to the gradual improvement of all 
its elements based on the need to increase automation, speed, accuracy and safety. Technical level of robotics 
increases itself by rapid development of its subsystems and by innovation of its functional elements which 
participate in its architecture and its morphological processes. 
Special group of robot’s applications is presented by applications in rehabilitation, namely rehabilitation of the 
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 upper limbs. These applications are having especially demanding requirements for designing these robotic 
rehabilitation devices. The current robotics based on experience and knowledge applies principles of biomechanics 
and bio-mechanisms for such cases. For designing this group of robotic devices it is needed to use knowledge about 
the anatomy of the upper limb and apply it in the biomechanical principles of the proposed rehabilitation robot. 
2. Robot - assisted rehabilitation of the upper limb 
Rehabilitation is time and personnel consuming process. It is mainly due to rather long time needed for achieving 
good improvements in patients’ functionalities, and it requires enormous time spent by medical staff while 
providing/leading exercises. It is common experience that any repetitive physical task, exercise may be supported or 
replaced by robots.  This is why we can observe so many activities to develop modern robotic rehabilitation devices. 
Because nowadays the majority of devices used for rehabilitation are only suitably modified fitness machines, it is 
necessary to develop robotic rehabilitation devices, which would simplify the rehabilitation process that would 
increase the number of rehabilitated patients per unit of time and which could be used for various rehabilitation 
exercises and practices. The aim is to achieve a higher quality of rehabilitation process while maintaining maximum 
safety of patients and minimize physical work of medical staff. 
During rehabilitation process, each patient should be treated individually and rehabilitation exercises should be 
prepared for specific patient. Therefore the presence of rehabilitation therapists in this process is necessary but 
robotic devices can simplify their work because rehabilitation exercises and procedures are repeating. Development 
in the field of rehabilitation robotics is still in progress and by developing of new technologies and by reducing the 
prices the rehabilitation robots are becoming more accessible to the public. 
In the rehabilitation process using robotic rehabilitation device, we can monitor the level of progress of the 
patient using a suitable sensor technology. We can monitor the activity of individual muscles, their level of 
involvement in the limbs’ movement and then we can modify the rehabilitation process / program, optionally change 
the level of training [1], [2], [3], [4]. 
Robotic device (robotic orthotics, rehabilitation robot, ...) for assisted rehabilitation of the upper limbs is 
designed to improve the mobility of the shoulder and elbow joints and also to improve the ability of the hand grip. 
This category of robotic devices is used for: 
 
x motor and coordination therapy, 
x mental-cognitive and social therapy, 
x physical therapy, 
x preventive therapy and control. 
 
A systematic review on effects of robot-assisted therapy on upper limb recovery after stroke was conducted 
by Kwakkel et al.[5]. Selection criteria for summary analysis included following issues: patients were diagnosed 
with cerebral vascular accident; effects of robot-assisted therapy for the upper limb were investigated; the 
outcome was measured in terms of motor and/or functional recovery of the upper paretic limb; the study was a 
randomised clinical trial (RCT). As a result of marked heterogenity in studies between distal and proximal arm 
robotics, no overall significant effect in favour of robot-assisted therapy was found in the presented meta-
analysis. However, subsequent sensitivity analysis showed a significant improvement in upper limb motor 
function after stroke for upper arm robotics. According to authors, future research on the effects of robot-
assisted therapy should therefore distinguish between upper and lower robotics arm training and concentrate on 
kinematical analysis to differentiate between genuine upper limb motor recovery and functional recovery due to 
compensation strategies by proximal control of the trunk and upper limb.  
Maciejasz, Eschweiler, et al. [6] also claims that systematic review and meta-analysis of the trials 
performed in stroke patients suggest that robotic training improves motor impairment and strength but do not 
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improve ability to perform ADLs (Activities of Daily Living). Thus the most important advantage of robotic 
systems is their ability to provide intensive repetitive training without over-burdening therapists [6], [7]. 
Another advantage is the ability to provide more motivating training context, by means of a computer gaming 
environment with quantitative feedback to motivate practice [6], [8]. In the future, the cost of technology is 
expected to decrease, as opposed to the cost of human labor. Therefore cost-effective advantage toward robot-
therapy may be expected [9].  
2.1. Architecture of robotic rehabilitation 
The main functions of rehabilitation supported by robots are:  
x measurement and evaluation of the physical condition of the physical condition of the patient for objective 
diagnosis and selection of appropriate therapy, 
x controlled manipulation with the treated motional segment of patient to improve and increase his motional 
abilities. 
 
The basic system functions of these diagnostic and mechano-therapeutic systems are: 
x controlling the movement of the joint (adjustable range of motion, adjustable load / torque, adjustable 
speed and acceleration, adjustable mode of motion, controlled trajectory of movement with more than two 
degrees of freedom), 
x collecting, processing and analysis of data (real-time measurement, monitoring, statistical and graphical 
analysis, expert systems, database), 
x effectiveness of rehabilitation treatments, 
x reliability and safety, 
x motivation and comfort of the patient (feeling of safety, the effectiveness of exercise, significant effects, 
etc). 
 
Architecture of the rehabilitation robotic system can be described by arranged structure, fig. 1.  
Fig. 1. Architecture of rehabilitation robotic system 
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Requirements based on the tasks of assisted rehabilitation of the upper limb, using architecture of rehabilitation 
robotic system, allows formulating a system model of rehabilitation robotic device, fig. 2 [10, 11, 12]. 
Fig. 2. System model of rehabilitation robotic device [6] 
 
 As the above picture shows the complete design of the rehabilitation robot with pneumatical artificial 
muscles is a complicated systematic work. Some special parts of robot control are described in other papers [11, 12, 
13, 14].  
 
3. Design of rehabilitation robot for upper limb 
According to the requirements of the rehabilitation process and on the basis of the kinematic analysis of the upper 
limb, there was designed variant of robotic rehabilitation device and its scheme is on fig. 3. It is an exoskeletal 
system and it has seven degrees of freedom (DOF). Three DOFs are in shoulder joint, two DOFs are in elbow joint 
and two DOFs are in wrist joint. Axes in shoulder joint are arranged to intersect at one point as it is in the shoulder 
joint of a man. There has to be achieved a kinematic compatibility between robot and upper limb in order to avoid 
undesirable action forces. In other words, it means that axes of the robot’s joints must be identical to the axes of 
limb’s joints. The length of arms is adjustable. 
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Fig. 3. Rehabilitation robot for upper limb  
 
Each joint is driven by a couple of pneumatic artificial muscles (PAM), which are aligned in an antagonistic 
relation (fig. 4). Muscles are placed outside of the structure of the device - they are placed on carrier frame. 
Transmission of motion between actuator’s outputs - PAM and joints of  robotic device is done by transmission 
elements - cables, which are held in Bowden cables and are connected to pulleys in joints of robot [1], [13]. 
  
Fig. 4. Pneumatic artificial muscles in antagonistic layout [14] 
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On fig. 5, there is shown rehabilitation process using robotic arm. The upper limb of the patient is fixed in 
structure of the device. At the beginning, the upper limb is in the starting position - step 1. Then, robot starts slowly 
to bend the upper limb at the elbow joint to reach desired value of angle - steps 2, 3 and 4. After it reaches the 
ending position, it is moving slowly to starting position. 
Fig. 5. Rehabilitation process using robotic arm [1] 
 
4. Wearable sensors in rehabilitation 
Another aspect on designing a rehabilitation robot is related to area of home care, ands tele-health care systems. 
Health care currently has intention to be decentralized into advanced home care systems. The definition of home 
care according to the World Health Organization [15] states: Home care can be defined as an array of health and 
social support services provided to clients in their own residence. With low cost of hardware and modern technique 
of control such environment can be developed with reasonable price and effectiveness. 
Wearable sensors are gaining importance in monitoring of user’s physical parameters or they can be used to 
monitor activity of user (walking, lying, etc.). Many definitions of wearable sensors are known but all of them agree 
that wearable device should be worn by user without compromising comfort or conducting any usual daily activity. 
Wearable sensors are mostly implemented to increase user’s safe or to provide feedback during training process, e.g. 
home rehabilitation. The fundamental condition of such monitoring is the possibility of remote monitoring, in other 
words, using wireless communication which enables higher level of patient’s mobility. 
We performed simple experiment to verify suitability of MEMS based IMU for purposes of home rehabilitation, 
to be more specific, for obtaining information about range of motion (RoM). The subject was wearing IMU as 
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shown on fig. 6 and abducted upper limb repeatedly while data were sent to PC and processed after that. We used 
IMU prototype of our own design with three-axial accelerometer and gyroscope.  
 
Fig. 6. Placement of prototype [10] 
 
Measured data were processed and resulted in graphs shown on Fig.7. Vertical line 1 marks the beginning of 
abduction and rapid increasing of absolute value of angular velocity is obvious as well as changes in tilt angle in roll 
and yaw axis. On the other hand, line 2 marks the adduction with similar changes in amplitudes. The main reason 
for using IMU with both, accelerometer and gyroscope are their properties – while accelerometer provides long-term 
stability, it suffers from short-term changes such as vibrations, whereas gyroscope is suitable choice for sensing 
short-term changes in motion. Using angular velocity for determining when the movement started and finished and 
using accelerometer for sensing the tilt concluded as suitable solution. 
Fig. 7. Measured data 
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5. Conclusion 
The proposed paper deals with using rehabilitation robots, which would simplify the rehabilitation process and 
may increase the number of rehabilitated patients per a period of time.  There is described an original design of the 
developing robot - assisted rehabilitation of the upper limb; and its main functions. Our design of  robotic device is 
based on the principle of exoskeleton driven by artificial pneumatic muscles in antagonistic connection. Wearable 
sensors with wireless transfer of data shall play an important role in applications for home care, and tele-medicine 
systems in monitoring of physical activities or even many other parameters about status of environment or user and 
his activities. 
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